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PROGRESS REPOWr
OF
TESTS OF STABILIr£ OF STIFFENED PLATES
by Andrew Brodslcyo
Foreword
This is a report of the progress made in the first
year of a two-year investigation of the behavior of stiff-
ened plate elements loaded in compression, sponsored by the
Anlerican Institute of Steel Construction. The investigation
is under a regular research fellowship of the Fritz Engineer-
ing Laboratory, Lehigh University, Bethlehem, Pehnsylvania.
Introduction
The program for the A.I.S.C. research fellowship was
outlined as follows:
flTests of plate elements in compression, wi th both lon-
gitudinal and lateral stiffeners. This program would
consider some of the fundamental analytical problems in
Chapter IV of the paper on Elastic Stability by Messrs.
1*Moisseiff and Lienhard , and would include experiment-
al corroboration of the stability problems involved.
Variations in plate thickness ratios and in the re1a-
tive size and spacing of the stiffener elements would
be consi dered rl •
o American Institute of Steel Construction Research Fellow
Fritz Engineering Laboratory, Lehigh University
Bethlehem, Pennsylvania .
* These numerals indicate references.
1. THEORY OF' ELASTIC STABILITY APPLIED TO STRUCTURAL DESIGN
bv Leon S. Moisseiff and Frederick Lienhard
T~ansactions, A.S.C.E., Vol. 106, PP. 1062ff.
2The tests were to deal primarily with the fundament-
al plate elements for cellular tower construction. Previous
tests on the behavior of plates reinforced by stiffeners,
made especially in Eprope, have been limited in their scope.
Theoretical investigations of the problem have been made by
several authors, but have been rather general in scope and
have fU~1ished very involved results for approximate solu-
tions.
P~ogram
In outlining the program for the tests to be con-
ducted, the project was necessarily limited by the capacity
of the 800,OOO-lb. testing machine at Fritz Engineering Lab-
oratory. It was decided to use various plate thicknesses
and various numbers of stiffeners. In accordance with sug~
gestions made by Mr. Moisseiff the plates were designed by
use of the equation
d/t = 50 (N+l) (1)
where d = total width of plate
t = thickness of plate
N = number of longitudinal stiffeners
It was decided to make a series of pilot tests,to
work out a satisfactory-method of setting up and detailing
the larger tests to be made later.
3Plates 25 by 1!4-in. by 4 ft. 4 in. with one ver-
tical stiffener were selected for the pilot tests~ larger
plates with varying thicknesses and varying numbers of
longitudinal and lateral stiffeners were to be used for
later tests.
It was decided to apply the load in such a way that
the longitudinal stiffener sustains its proportionate share
of the load. The plates were to be fixed at the horizontal
edges while at the vertical edges conditions in a cellular
tower were to be simulated.
Gen~yal Progre~
During the first one-year period preliminary theo-
retical studies in the theory of stability of plates were
made. A device for, the uniform application of the load was
designed and the material ordered and fabricated. Various
test set~ps were tried and the test method was improved in
each case. A total of ten pilot tests was made. From the
experience gained from each of these tests a smoothly func-
tioning test setup has evolved. The methods which have
proven most satisfactory will be used for testing the large
plates. The large plates and their stiffeners were designed
and the material ordered and received. The specimens are
being fabricated at Fritz Engineering Laboratory at presento
4Test Procedure and Results
--~-_.,.._._-_.__._._-
Great pains were taken to obtain a distribution of
load as nearly uniforra as possible.
Two bearing blocks five inches by eight inches by
two inches thick were tack-welded to a large bearing block
four feet two inches by four inches by nine inches deep.
The load was applied through these bearing blocks. To ob-
tain a fixed-end condition along two edges, two 5/8-in.
angles were bolted to the large bearing block. These angles
were in turn connected by means of bolts, three inches cen-
ter-to-center, which passed through the test plate. A bear-
ing plate four feet two inches by eight inches by three
inches deep with the identical type of angles was used as
lower bearing block.
The arrangement can be seen in Fig. 1 and 2 which
are, respectively, a drawing and a photograph of a typical
test setup.
At the beginning of each test vertical strain meas-
urements were taken at various load intervals within the
elastic range by means of a 10-in. V/hi ttemore strain gage
near the vertical edges of the specimen. If there vms a
discrepancy in the anl0illit of strain, the loading head was
adjusted by means of shims until the strain was nearly
equal at both edges.
5The various pilot tests made during the past year
are briefly described in the following. Unless otherwise
noted, a plate of size 25 by 1/4-in. by 4 ft. 4 in. (with
a clear length of 4 ft. 1/2 in.) was used with the two
edges (25-in.) perpendicular to the direction of the load
clamped.
The stiffened plates should fail due to yielding
of the material.
~e~~__~~~-! - An unstiffened plate with the two ver-
tical edges lli1supported was loaded elastically up to 14,000
lb. and lateral deflections were measured. The plate was
bending in a simple half~lave. The critical Euler buckling
load is 20,850 lb.
Test .No.•.~ - The plate of Test No. 1 was used again.
In this test, however, the plate was supported in the verti-
cal direction by 1/4-in. ¢ by 8-in. long bars spaced 3 in.
center-to-center. These bars were lined up at a distance of
about 3/S-in. from the vertical edges of the plate. The pur-
pose of these bars was to prevent lateral displacement, but
to permit rotation around the vertical edgespf the plate.
The theoretical critical compressive stress for this
condition is given by the for~mulal
- k _ JZ:E) ( t) 2
cr - 12 (l - rl) d
6where k is a constant depending on the ratio of the
sides of the plate. For the given plate k = 4.852 • The
theoretical buclcling load is about 103,000 lb. During the
test the plate could be seen to buckle in a full wave at
the load of 103,000 lb. A maximum load of 122,500 lb. was
reached, when a number of bars buckled and the plate buckled
in a half -wave •
T~~~__~o.--£ - In this test the same procedure as in
Test No.2 was used, with the difference that the horizontal
bars were lined up by means of timber strips, into which
holes fer the rods had been drilled. The load in the test
reached a maximum of 110,800 lb., when the beams into which
the bars had been screwed, slid, freeing the plate from the
bar, and the plate again buckled in a half-wave.
T~t N2_~~ - In order to prevent the sliding of the
beems, spacers were inserted between beams and plate. At a
load of 125,100 lb. a n~unber of bars buckled and the plate
showed a large permanent deflection. There were signs of
yield at many points of the plate.
During Tests No.2, 3, and 4 lateral deflection read-
ings were taken at the center and at quarter-points of the
plate. This data was used as a means of determining the
critical load by the method given by Professor Southwel13 •
2. S. Timoshenko, THEORY OF ELASTIC STABILITY, p.364.
3. R. V. Southwell, Proceedings Royal Society,
Series A, Vol. 135, p.601.
,
7It consists of drawing a straight line through a point ob-
tained by plotting deflection divided by load against de-
flection; the inverse slope of that line giving the critical
compressive load. In Test No.4 this method gave a critical
buckling load of 135 1 000 to 140 1 000 lb. against the theoret-
ical value of about 103 1 000 lb.
From these test results the conclusion was drawn that
it would be inadvi~able to proceed using the bars as a means
of supporting the edges of the plate. These bars were appe.r-
ently responsible for the fact that the maximura load was much
greater than the theoretical load. The fact that they buckl-
ed showed that they were taking a considerable part of the
load and after the buckling of the bars the test could not
be continued.
A number of other possibilities for obtaining edge
suppo~t was considered l such as V-notches and rollers l but
none of them was found to be practical. It was therefore
finally decided to weld flanges to the vertical edges of
the plates and apply the load to this bUilt-up column. The
flanges had to be designed in such way a~ to make the built-
up col'LU1h'1. stronger than the web plate l which was belng tested.
Test No.5 - A plate 4 by l/4-in. by 4 ft. l/2-in.
was welded with a continuous 3/l6-in. weld to both sides of th'?
vertical edges of the test specimen. During the welding pro-
cess l which, like all welding work in this series of tests
•S
was carried out by a qualified welded at Fritz Engineering
Laboratory, an effort was made to keep the plate as straight
as possible. After setting up the plate in the testing ma-
chine, the flange plates were made to beal~ against the
clamping angles, so that they would take their proportionate
share of the load. Deflection readings were again tilleen at
three points. The structure was behaving as a colmnn deflect-
ing in a full wave up to a load of 135,000 lb., which corres-
ponds to the computed critical load, at which point the plate
buckled as such in a single half~wave. The maximum load was
reached at 143,000 lb., causing a center deflection of about
1-7/S in.
Test No.-2 - A plate 2-1/2 by 1/4-in. by 4 ft. 1/2-
in. was used as vertical stiffener along the center line of
the plate and plates of the same size were used as flanges.
Both stiffener and flanges were welded to the plate with
continuous 3/16-in. weld.
In order to prevent the flanges from bending exten-
sively, steel strips were welded to the flanges ,at the cen-
ter points and at points about three inches from top and
bottom. According to theory there should be a point of in-
flection in the lateral deflection curve. The strips at
the center would therefore be just at that inflection point~
Steel strips 1 by 1/4-in. with a clear length of 7
in. were used. In order to reduce the vertical load that
they would absorb, the thickness of the pieces was reduced
to about liS-in. at two points close to each end.
9\¥hile one end of the strip was welded to the
flanges of the built-up col~~ section, the other end was
welded to the inside of the flanges of beams. The arrange-
ment can clearly be seen in the photograph of Fig. 2, which
shows the setup after the supporting beam on one side had
been removed.
A preliminary test w~s made to see the e~ount of
load that the strips would possibly absorb and the load was
found to be only about 1000 lb. It was obvious that in the
worst case these strips would not taken more than one per
cent of the total load, but actually even less.
Connection angles were bolted to the supporting beams
and a reference plate of the smae size as the test plate was
bolted to the angles. This plate was at a distance of about
16 in. from the test plate and it was necessary to design a
special deflectometer for reading lateral deflections. An
extension was made for a l/lOOO-in. dial gage. Gage holes
were drilled into the reference plato and punch marks were
made in the test plate; deflection readings were taken
. .
along a number of points at different loads.
At 240,000 lb. there was general yielding or the
plate; a maximum load of 260,000 lb. was reached, which
corresponds to an average direct stress of 30,500 p.s.i.
Te~~ N~. 7 - An angle 2-1/2 by 2 by 3/16-in. by 4
ft. 1/2-in. was used as center stiffener with the items in
the setup the same as in Test No.6.
- 10
The angle was riveted to the plate with the gage
line coinciding with the vertical centerline of the plate.
One-half inch diemeter rivets were used. At a load of
240,000 lb. there' was general yielding; the maximum load
was 275,000 lb. There were some strain lines on the out-
standing leg of the stiffener. The maximum load corres-
ponds to an average direct unit stress of 31,550 p.s.i.
Fig. 1 gives a side view of this specimen after the maximQm
load had been reached, while Fig. 3a and 3b show the speci-
men after it had been removed fronl the testing machine.
Test No~ - A plate 22 by 1/4-in. by 4 ft. 4 in.
was used as test specimen. Plates 2-1/2 by 1/4-in. by 4
ft. 1/2-in. were used as flanges, and a plate 2-1/2 by 1/4
in. by 4 ft. 6 in •. was used as center stiffener. The cen-
ter stiffener was somewhat longer than in the other tests
and cut so as to fit the clamping angles and was partly
bearing against the loading blocks. The plate was thereby
prevented from bending in the dL0ection of the stiffener
and as load was applied it bent in the other direction.
At 140,000 lb. there were strain lines throughout
the plate and on the center stiffener. The ultimate load
was reached at 241,000 lb., when the stiffener buckled in
the lower half. The plate buckled in a half~~ave with a
maximwa deflection in the lower part. The width of the
plate was below the allowable maximum as given by Eq. 1
and the specimen yielded at an average direct unit stress
of 31,950 p.s.i. Fig. 4 shows the specimen.
- 11
Test No.9 - A plate that was above the allowable
width (Eq.l) was used. The test specimen was a 28 by 1/4
in. by 4 ft. 4 in. plate with flanges 2-1/2 by 1/4-in. by
4 ft. 1/2-in. and a 2-1/2 by 1/4-in. by 4 ft. 2-3/4 in.
center stiffener. This stiffener was cut to bear closely
against the clamping angles both on top and bottom. In
addition, a steel strip 2-1/2 by 1/4 by 4 in. was welded
to the test specimen both on top and bottom in back of the
center stiffener. These pieces were also made to fit the
angles. Their purpose was to give added rigidity to the
plate which would prevent it to a certain extent from bend-
ing in either direction. The test specimen can be seen in
Fig. 5a and 5b.
At a load of 250,000 lb. the center stiffener began
to yield rapidly and it buckled at 261,000 lb., i.e., a
direct average unit stress of 28,400 p.s.i. In Tests No.8
and 9 the center stiffener buckled, although its width-to-
thickness ratio was only 10. The steel used had a lower
proportional limit than the material of the main plate.
It was decided to make use of wider flanges for the
final pilot test. The flange plates should furnish a radi-
us of gyration of approximately the same magnitude as the
center stiffener. The larger flanges would add to the rid-
idity of the built-up column and would probably allow to
make full use of the strength of the plate.
- 12
Test No. 10 - In this final test use was made of
all the experience gained in the previous tests. To sum-
marize: the test specimen was a plate 25 by 1/4-in. by 4
ft. 4 in'., with two edges clam.ped; to the free edges,
plates 4 by 1/4-in. by 4 ft. 1/2-in. were welded with 3/16
in. continuous weld on both sides; along the center of the
plate a vertical stiffener plate 2-1/2 by 1/4-in. by 4 ft.
2-3/4 in. was welded. Both flanges and stiffener were made
to take their proportionate share of the compressive load.
Strips 2-1/2 by 1/4 by 4 in. were welded to the plate in
back of the center stiffener on top and bottom to increase
rigidity and to prevent the plate from bending excessively.
Other steel strips 1 by 1/4 by 6-1/2 in. were welded hori-
zontally.at one end to the flange plates and at the other
end to the inside of the flanges of WF-beams. These strips
were attached as lateral supports to prevent excessive bend-
ing of the flanges and were welded at points about three
inches from each end of the flanges and at the center where
a point of inflection of the deflection curve of the plate
had to be expected.
This specimen gave the highest average direct unit
stress. The maximum load was 309,000 lb., which is 33,600
p.s.i. The plate buckled in a half-wave with at least two
intermediate smaller full waves in each panel. Photographs
of the specimen are shown in Fig. 6a and 6b.
- 13
From the deflection readings taken at 81 points
along the plate a drawing of the deflection surface has
been prepared and is appended in Fig. 7. A load-deflect-
ion curve for the center point of the plate has been pre-
pared and is sho'lJl1!l in Fig. 8. The test specimens reached
maximmu direct average unit stresses ranging from 28,400
to 33,600 p.s.i., varying with the test arrangement. The
low value was obtained in Test No.9, which had a plate of
a width above the allowable given by Eq. 1 and mna11-size
flanges. The high value was obtained in Test No. 10 which
was designed in accordance with Eq. 1 and had flanges with
about the same radius of gyration as the center stiffener.
Coupon tests of the plates tested show that the
steel had a yield strength of about 42,500 p.s.i. a maximum
strength of about 64,000 p.s.i., and a modulus of elasti-
city of about 29,800,000 p.s.i. The proportional limit of
the material is roughly 29,000 p.s.i. which is probably one
of the reasons for the failure of the specimens at stresses
of approximately that magnitude.
The material that was used for the flanges in Tests
No.8 and 9 and for the stiffener in Tests No. -8, 9, and 10
had a proportional limit of about 26,000 p.s.i., an upper
y~eld strength of 41,450 p.s.i., a lower yield strength of
39,250 p.s.i., and a maximum strength of 58,500p.s.i. The
modulus of elasticity of the material was 29,600,000 p.s.i.
- 14
The steel used for the flanges of ~ests No. 5 and
10 had a proportional limit of about 39,000 p.s.i., an
upper yield point of 43,000 p.s.i., a lower yield point
of 40,600 p.s.i., a maximum strength of 62,600 p.s.i. and
a modulus of elasticity of 29,800,000 p.s.i.
Tests in 1942-1943
The stiffeners for the reinforced plates were de-
signed in accordance with formula (21), Fig. 1, and Table
6 given in the paper by Messrs. Moisseiff and Lienhardl •
The designs were checked by Messrs. Moisseiff and Lien-
hard and adopted after a few minor changes.
The following list gives the details for the six
tests to be made, beginning in September 1942.
Longitudinal . Transverse Flanges
Plate Size Stiffeners Stiffeners
No. Size, in. No. Size, in. in.
38 11 X 3/8 11 1 4 X 3/8 1 2 X 1/4 7 X 3/8
X 19'011 1 2-1/2 X 3/8 4 3 X 1/4 4 X 3/8
48 II X 5/16 11 2 4 X 3/8 1 . 3-1/2 X 1/4 7 X 5/16
X 17'011 . 2 3 X 3/8 3 4 X 3/8 4 X 5/16
50 il X 1/4 11 3 3-1/2 X 3/8 1 4 X 5/.L6 6 X 1/4
X 12'8" 3 2-1/2 X 3/8 2 5 X 1/4 4 X 1/4
All stiffeners and flanges will be welded to the plates
with continuous 3/l6-in. welds.
The flanges were designed large enough to give
sufficient strength to the entire bUilt~lp section and
also to make each individual panel strong enough.
- 15
The specimens are at present being fabricated at
Fritz Engineering Laboratory.
It is planned to use steel strips welded to the
flanges at interraediate points so as to divide the indi-
vidual panels into squares, since according to theory,
long plates buckle into squares. The ends of the strips
will be welded to columns.
In these tests lateral and longitudinal deflection
measurements will be made.
The effectiveness of the plates with varying num-
bers of stiffeners will be stUdied and analyzed. A
thorough theoretical investigation of the problem will be
made after completion of the tests.
,

Fig. 2 - Typical Test Set-Up
F.i.a:. 3a
Fig. 3b - Pilot Test Specimen No. 7
Fig. 4 - Pilot Test Specimen No.8
·~·ig. 5a
Fig. 5b - Pilot Tes~ Specimen No. 9
- -----------~------------------~----~~~----------
Fig. 6a
Fig. 6b - Pilot Test Specimen No. 10
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